INTRODUCTION
============

The goal of any management regime for burst fractures is primarily to prevent neurological injury with restoration of spinal stability, whereas correction of deformity, minimizing loss of movement, and early return to daily life are secondary considerations. Thoracolumbar burst fractures result from compression failure of both the anterior and middle columns under substantial vertical load[@B2]. There is no controversy regarding the need for surgery in patients with a progressive neurological deficit, an unstable fracture with complete neurological loss, or in patients with polytrauma that require fixation for early rehabilitation. However, no consensus has been reached on the management of thoracolumbar burst fractures without neurologic deficits. In fact, some authors have reported excellent outcomes after conservative treatment despite increased residual kyphotic deformity[@B15]. The injured structures are also capable of healing naturally in time and a burst fracture, which is unstable by definition, may become stable after natural healing of the injured structures. On the other hand, surgical management provides immediate spinal stability and more reliably restore sagittal alignment and canal dimensions[@B14]. Recently, good clinical outcomes were reported for short segment fixation without bone fusion[@B6],[@B9][@B10][@B11]. Implant-related complications were low, and early clinical outcomes were satisfactory. Furthermore, percutaneous screw fixation has been proposed and applied to minimize the negative consequences of traditional open surgery, which include muscular denervation and atrophy[@B3]. However, as far as we are aware, no study has investigated clinical outcomes and ranges of motion (ROM) after implant removal following short segment fixation using percutaneous screws. For this reason, we sought to determine whether implant removal after vertebral fracture consolidation increases ROM, and whether the presence of osteoporosis influences clinical results. The hypothesis of this study was that ROM can be achieved by screw removal after natural bone healing and consolidation of fractured vertebra.

MATERIALS AND METHODS
=====================

Between May 2007 and January 2011, 44 patients underwent percutaneous short segment fixation for a thoracolumbar burst fracture. Sixteen of these patients, who underwent implant removal after percutaneous short segment fixation were enrolled in this study. They underwent implant removal at 12 months after screw fixation when spontaneous bone healing of the fractured vertebra was achieved based on computed tomography (CT) findings. The inclusion criteria for percutaneous short segment fixation were : 1) neurologically intact patients with a single level thoracolumbar burst fracture, 2) a kyphotic angle of \>30°, or an anterior vertebral height loss of \>40% or canal compromise of \>50%, and 3) intact bilateral pedicles, enabling screw insertion at fractured vertebra. To study whether the presence of osteoporosis influences clinical results, the 16 subjects were divided into two groups based on the presence of osteoporosis, that is, to 1) Group A (n=8) : non-osteoporotic group \[T-score by bone mineral densitometry (BMD) \>-2.5\], or to 2) Group B (n=8) : osteoporotic group (T-score by BMD \<-2.5). Bone cement augmentation using polymethylmethacrylate (PMMA) was performed in Group B. The exclusion criteria were a major neurological deficit requiring open decompression due to severe canal compromise and an accompanying pedicle fracture preventing screw insertion at the fracture level. Preoperatively, for postural reduction, patients were positioned supine with a pillow under fractured vertebra for 2-3 days. Imaging and clinical findings, level of the involved vertebra, vertebral height restoration, intersegmental ROM, clinical outcomes, and complications were analyzed. Intersegmental ROM was calculated using Cobb\'s flexion and extension measurements by drawing a straight line from the superior endplate of the vertebra one level above the fractured body and a straight line from the inferior endplate of the vertebra one level below the fractured body.

Safety and outcome evaluations
------------------------------

Clinical outcomes at different time points were evaluated using a 10 point visual analogue scale (VAS). Simple radiographs and CT and MR images were used to evaluate kyphotic angulation and instrumentation integrity at the level of operative segments preoperatively, just before implant removal, and at final follow-up.

Statistics
----------

Statistical analysis was performed using SAS 6.12 (SAS Institute, Inc., Cary, NC, USA). A paired Student\'s t-test and Mann-Whitney\'s U test were used to compare the measures taken at different times. Differences were considered statistically significant when *p* values were \<0.05.

RESULTS
=======

With respect to the anatomic fracture distribution, there were T11 (n=2), T12 (n=6), Ll (n=5), and L2 (n=3). Patient demographics, including age, gender, BMD, fracture level, and mean follow-up period are summarized in ([Table 1](#T1){ref-type="table"}). The composite injury severity score derived from the thoracolumbar injury classification and severity score was 4 points or greater points, which could be considered for operative intervention in all patients. The patients were postoperatively followed clinically and radiologically and we analyzed the results at 12 months after screw fixation around implant removal and at final follow-up.

Restoration of vertebral height
-------------------------------

Average preoperative height loss of involved vertebrae in Group A was 58.1%. Just before implant removal and final follow-up after implant removal, mean vertebral height losses in Group A were 15.3% and 17.4%, respectively. In Group B, vertebral height losses preoperatively, immediately before implant removal, and at last follow-up were 65.6%, 12.9%, and 15.1%, respectively ([Fig. 1](#F1){ref-type="fig"}). Both groups showed significant improvements versus preoperative values despite some vertebral height loss after implant removal (*p*\<0.01).

Range of motion
---------------

Intersegmental ROMs were assessed at last follow-up using Cobb\'s method at the superior endplates of upper fractured vertebrae and at the inferior endplates of lower fractured vertebrae. Preoperatively, due to the risk of neurologic aggravation, flexion and extension radiographs were not obtained. [Table 2](#T2){ref-type="table"}, [3](#T3){ref-type="table"} summarize Cobb flexion and extension measurements and provide individual patient means and ranges. In both groups, ROM improved significantly between just before implant removal, which was considered motionless and at last follow-up after implant removal (*p*\<0.01).

Clinical outcome
----------------

At the time of implant removal, there were no failures of posterior instrumentation, including breakage, bending, or loosening of any screw. Significant pain relief was achieved in both groups at final follow-up versus preoperative values (*p*\<0.005). In Group A (the non-osteoporotic group), mean VAS score was 7.9 before surgery and 2.5 at final follow-up, and in Group B, mean VAS was 8.0 before surgery and 2.4 at last follow-up. One case of asymptomatic cement leakage into the paravertebral area was observed in Group B. However, no major complications, such as, neurological deterioration, aggravation of vertebral height, or canal compromise occurred during follow-up after implant removal in either group ([Fig. 2](#F2){ref-type="fig"}, [3](#F3){ref-type="fig"}).

DISCUSSION
==========

Burst fractures are common at the thoracolumbar junction because the region constitutes a transitional zone between the relatively fixed kyphotic thoracic area and the mobile lordotic lumbar region[@B4]. Restoration of stability, prevention of neurological deterioration, attainment of canal clearance, prevention of kyphosis, and rapid pain relief are the most commonly cited reasons for surgical intervention[@B12]. Burst fractures are 2 or 3 column injuries that may lead to spinal column instability when they present with severe canal compromise of \>50%, vertebral height loss of \>40%, angular deformity of \>30°, multiple contiguous fractures or any neurologic injury. Symptomatic, unstable burst fractures typically require surgical reduction and stabilization, but decision-making regarding conservative versus operative treatment for unstable thoracolumbar burst fractures in the absence of any neurologic deficit remains controversial, as many authors have reported satisfactory results for the conservative treatment of such fractures[@B1],[@B17]. However, conservative treatment may lead to ongoing neurogenic pain and progressive kyphotic deformity. On the other hand, screw fixation with bone fusion more reliably restores sagittal alignment, kyphotic deformity, and canal dimensions[@B9]. Nevertheless, despite its advantages, this technique is associated with risks of complications and inevitable motion limitation. Wang et al.[@B16] reported satisfactory results for short-segment fixation without fusion of surgically-treated thoracolumbar burst fractures. It was found that low back outcome scores were similar for burst fractures treated surgically in those with or without bone fusion[@B16]. Recently, some good clinical outcomes were also reported with short segment fixation and anterior body augmentation using injectable calcium sulphate cement or calcium phosphate cement without bone fusion[@B10],[@B11]. The procedures were effective for correcting deformity and maintaining adequate body height and alignment.

Theoretically, when natural bone healing and consolidation of fractured vertebrae has occurred, implant removal should allow complete motion segment preservation. The advantages of implant removal after screw fixation without fusion are the elimination of donor site complications, the preservation of motion segments, reduced blood loss, and shorter operation time. More recently, some investigators have reported successful surgical outcomes for percutaneous short segment fixation without fusion[@B5],[@B8]. In the present study, short segment fixation without bone fusion followed by screw removal after bone consolidation was found to have the advantages of early ambulation, minimizing tissue injury, and complete motion preservation regardless of osteoporosis. Furthermore, segmental stability was obtained by screw fixation before fracture consolidation, and after natural bone healing, implant removal made it possible to preserve motion. However, screw loosening or vertebral collapse may occur after percutaneous screwing procedures, and these problems may be more significant for osteoporotic spines. Failure to support the anterior column can lead to the eventual loss of correction and high rate of posterior instrument failure. Thus, bone cement augmentation at fractured bodies and adjacent vertebrae was performed to address these limitations. In addition, the insertion of bone cement-augmented pedicle screws results in segmental constructs with improved biomechanical stability due to the protection afforded to fractured vertebra and indirect support of the anterior column[@B13]. The insertion of bone cement-augmented pedicle screws can significantly reduce pedicle screw bending and increase initial stiffness in the flexion-extension plane[@B7]. Our findings support motion preservation by percutaneous short segment screw fixation without bone fusion and implant removal after fractured body consolidation for neurologically intact thoracolumbar burst fractures regardless of the presence of osteoporosis.

In the present study, we addressed the question as to whether osteoporosis influences clinical and radiological results, and we found that bone cement augmentation made it possible to maintain stability even in osteoporotic spines. However, in spite of acceptable clinical and radiological outcome, this study has some limitations. There is no control group to compare range of motion radiologically. In spite of statistically significance, sixteen patients are rather small group for such a clinical study. The timing of the removal of the implant still remains as an open question. Although PMMA was used for the augmentation of the fractured vertebral body in osteoporotic group, the study using alternative materials such as hydroxyapatite is mandatory and randomized prospective clinical trials with longer observation periods in larger populations are necessary to confirm our results.

CONCLUSION
==========

Percutaneous short segment fixation without bone fusion followed by screw removal after fractured body consolidation appears to provide a safe and effective treatment that allows achievement of complete ROM. Even in the osteoporotic thoracolumbar burst fractures, satisfactory result can be obtained by bone cement augmentation procedure using PMMA.
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![A case of a neurologically intact 29-year-old woman with a L1 burst fracture (Group A). A, B, and C : Preoperative simple radiograph and computed tomography images showing about 40% height loss and 50% canal compromise. D, E, and F : Simple radiographs and a computed tomography image taken at 12 months after percutaneous screw fixation showing consolidation of the fractured body and improved kyphosis. G and H : Simple flexion and extension radiographs taken at 11 months after screws removal revealing well-maintained range of motion, which coincided with a completely pain free status.](jkns-55-73-g002){#F2}

![A case of a neurologically intact 72-year-old woman with a L1 burst fracture (Group B). A and B : Preoperative simple radiograph and computed tomography image showing about 60% height loss. C, D, and E : Simple radiographs and a computed tomography image taken at 12 months after percutaneous screw fixation showing consolidation of the fractured body and restored vertebral height. F and G : Simple flexion and extension radiographs taken at 13 months after screw removal reveal a well-maintained range of motion, which coincided with a completely pain free status.](jkns-55-73-g003){#F3}
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BMD : bone mineral densitometry
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Calculated intersegmental ranges of motion (ROM) calculated from Cobb flexion and extension measurements in Group A
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Calculated intersegmental ranges of motion (ROM) calculated from Cobb flexion and extension measurements in Group B
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